Aortic valve echocardiography was performed in 1oS subjects: 30 were healthy persons, 40 were patients with non-valvar heart disease, and 35 patients had isolated aortic valve disease. In the group with diseased aortic valves, the findings were correlated with observations at catheterization and in most cases at operation or necropsy.
Aortic valve echocardiography was performed in 1oS subjects: 30 were healthy persons, 40 were patients with non-valvar heart disease, and 35 patients had isolated aortic valve disease. In the group with diseased aortic valves, the findings were correlated with observations at catheterization and in most cases at operation or necropsy.
The normal aortic valve echocardiogram is described and evidence is given that the anteriorly visualized cusp echoes arefrom the right coronary but those which are posteriorly visualized may befrom the non-coronary or the left coronary cusp. The ultrasound patterns in aortic stenosis, aortic regurgitation, and mixed aortic valve disease are described. In each case the aortic root diameter was measured and cusp motion and thickness assessed by echocardiography. The ultrasound measurements of the aortic root correlated well with measurements at operation. Seventeen of the patients with aortic valve disease underwent aortic homograft replacement and were also studied after operation. The aortic homograft echocardiograms showed cusp movements indistinguishable from normal aortic valves.
It is concluded that echocardiography of the aortic valve is simple to perform, is of value diagnostically, and can contribute to the pre-and postoperative assessment ofpatients with aortic valve disease.
The aortic valve echocardiogram was first recorded by Edler et al. (i96i) , using excised calf heart preparation. Subsequently examples of normal human aortic valve echocardiograms were described (Edler, I964; Effert et al., I964; Gramiak and Shah, I968) . Gramiak and Shah (I970) described the echocardiographic appearances of calcific aortic stenosis but found no characteristic pattern in aortic regurgitation. Hernberg, Weiss, and Keegan (1970) performed aortic valve echocardiography on patients with aortic valve disease; they could only infrequently record complete aortic valve echocardiograms and were unable to show any consistent pattern. Thus the value of aortic valve echocardiography has to date not been established. Furthermore, there has been no conclusive evidence for the anatomical identity of the visualized aortic valve cusps, though Edler (I964) posteriorly visualized cusp echoes originate from the right coronary and non-coronary cusps, respectively.
In this report the echocardiographic appearances of a large series of normal human aortic valves are described. The identity of the cusps was established by studies of two patients with senile degenerative aortic valve calcification in whom localized calcific deposits were used as markers. Echocardiographic studies of a further 33 patients with isolated aortic valve disease were performed in an attempt to define the patterns in aortic stenosis, aortic regurgitation, and mixed aortic valve disease.
Subjects and methods
Echocardiographic studies of the aortic valve were performed in 30 healthy persons (ages I8 to 35) with no symptoms or signs referable to the cardiovascular system and who were therefore assumed to have normal aortic heart disease catheter-angiographic data of the aortic valves were available and were normal. Thirty-five other patients (ages 5 to 80) had isolated aortic valve disease. They were selected from a larger series because of the availability of catheter-angiographic data on 32 and postmortem information on 3 cases. Twenty-one of the patients with aortic valve disease subsequently underwent aortic valve replacement, when the extent of the aortic valve disease was assessed and when in iI cases aortic root diameter was measured.
Echocardiograms were recorded according to the method of Gramiak and Shah (I968) (Fig. iA) . In 36 cases the cusp signals were visualized only during systole and early diastole ( Fig. 2A) . In 3 instances only one cusp signal (Ca or Cp) could be obtained ( Fig. 2B and 2G ). In 7 subjects, despite careful searching, incomplete valve echocardiograms were obtained. Only in 2 subjects was there complete failure to localize the aortic valve. Often very fine fluttering of the aortic valve echoes was seen during systole (Fig. 2D ). The aortic root diastolic E~~~~i nner diameter measured in 68 of the subjects ranged from I9 to 25 mm (mean 23 mm) and the systolic cusp echo separation ranged from I7 to 23 mm (mean 2I mm).
Identification of aortic valve cusp echoes using calcified deposits as markers Clinicopathological studies in 2 patients with circumscribed cusp lesions enabled identification of the echoes from individual aortic valve cusps. The first was a 69-year-old man with disseminated bronchogenic carcinoma in whom a soft ejection systolic murmur was heard over the aortic area. The aortic valve echocardiogram showed increased echo intensity and reduced movement of the anteriorly visualized cusp (Ca) (Fig. 3A) . In contrast the posteriorly visualized cusp echo (Cp) had normal intensity and movement. At necropsy, gross calcification was noted in the right coronary cusp and moderate calcification in the left coronary cusp. The non-coronary cusp was completely free of calcium deposition. No commissural fusion was present (Fig. 3B ). It was concluded that the abnormal echo Ca was from the right coronary cusp as expected from its anterior anatomical location ( Aortic stenosis Eight patients with isolated severe aortic stenosis were studied; 6 were male (ages 7 to 6o, mean 40) and 2 were female (ages ii and 5o). In 7 of the patients there was extensive cusp calcification; in only one patient (Case i, Table i) was the valve free of calcification. All but one patient subsequently underwent operation. The clinical, radiological, echocardiographic, catheter-angiographic, and operative data are summarized in Table I .
In the patient who had no valve calcification, the cusp signals were visualized only during systole and appeared wide, suggesting cusp thickening (Fig. 5A) Fig. 7A . Two of the patients with thickened cusp signals also showed moderate restriction of cusp movement as in Fig. 7B . Catheter-angiography in these 2 patients confirmed restricted cusp movement, and subsequent examination of the aortic valves (Cases 5 and 8, Table 2 ) revealed thickening of the middle part of each cusp with mild cusp shortening and no fusion of the commissures. The cusps were noted to be mobile but the shortening prevented apposition.
Coarse systolic oscillations of the cusp echoes (7 patients) such as those illustrated in Fig. 7C , an increase in the aortic root diameter (12 patients), and increased systolic separation of the cusp echoes (3 patients) were further additional but nonspecific features in patients with aortic regurgitation.
In 5 patients in this group, diastolic cusp separation was not seen. In 2 of these (Cases 4 and 13, ivestigated for ischaemic heart disease.
-rnsymbols as in Table I . Fig. A, B , and C. In B, cusp movements are restricted and Ca and Cp do not reach as far as the inner aortic root wall. Fig. 7C shows pronounced systolic fluttering of the cusp echoes and dilated aortic root. D shows normal aortic valve pattern and a dilated aortic root. E shows abnormally positioned Ca cusp echoes. F shows early systolic fluttering affecting mainly the Ca cusp echoes. Table 2 ) an aortic valve echocardiogram was obtained, which was apparently normal apart from some increase in the aortic root diameter (Fig. 7D) . At operation free aortic regurgitation was confirmed, the aortic valve was tricuspid and there was some thickening of the leaflets. A large central orifice was present. The aortic valve echocardiogram in the fourth patient (Case i2, Table 2 ) showed unusual early systolic oscillations affecting mainly the anteriorly positioned cusp echoes. The posteriorly visualized cusp echoes showed an unusual configuration (Fig. 7F) . At operation floppy aortic valve leaflets were noted. In the fifth patient (Case 6, Table 2 ) aortic valve calcification obscured the cusp signals and produced an echocardiographic pattern indistinguishable from that ofcalcific aortic stenosis.
Mixed aortic valve disease
Ten patients with mixed aortic valve disease were studied, 5 were male (ages ii to 6i, mean 35) and 5 were female (ages 5 to 64, mean 26). The clinical, radiological, echocardiographic, catheter-angiographic, and operative data are summarized in Table 3 . In 4 of the IO patients the aortic valve echocardiogram showed diastolic cusp echo separation. Tables I and 2 . (Fig. 9) . The preoperative echocardiographic measurement of the inner aortic root diameter (ii cases) correlated well with the measurements at operation during bypass (Tables I, 2 , and 3).
Discussion
The clinical application of aortic valve echocardiography has not kept pace with that of the mitral valve because of difficulty experienced by several workers in regularly recording meaningful echocardiograms from this valve (Effert et al., I964; Hernberg et al., 1970;  Gramniak and Shah, I970). The present study has shown that, by using a focused transducer and examining the patients in the left lateral position it is possible to obtain satisfactory aortic valve echocardiograms in over 8o per cent of subjects with normal aortic valves and in the majority of the subjects with diseased aortic valves.
The Pridie, Benham, and Oakley, 197I) . Little information has so far been available on echocardiography of the aortic valve itself in the presence of aortic regurgitation. In the patients studied by Gramiak and Shah (I970) the movement of the aortic cusp echoes was reported to be normal. The only abnormalities recorded were an increase in the aortic root diameter in some of the cases with an important lesion, and increased systolic cusp movement. In the present series, abnormal diastolic separation of aortic cusp echoes was noted in I0 out of IS patients with isolated aortic regurgitation ( Table 2 ). Though diastolic cusp separation was recorded from some normal aortic valves, the degree of separation noted in patients with documented aortic regurgitation was invariably greater than i mm and often very much more. The presence of significant diastolic cusp separation can be considered pathognomonic of aortic regurgitation and it has enabled the detection of three silent cases (Table 3 ).
In Fig. 4A and 5B, diastolic cusp separation which was minimally greater than normal was observed; it is conceivable that these are examples of silent aortic regurgitation. However, angiocardiographic data are not available in these 2 patients. It must be noted that echocardiography does not invariably show diastolic cusp separation in aortic regurgitation, as we noted in one patient (Case 3, Table 2 ).
In conclusion, echocardiography has proved to be of undoubted value in the detection of aortic valve calcification and thickening, silent aortic regurgitation, and the assessment of cusp mobility. The accurate measurement of the aortic root diameter is also of value. However, contrary to the views of other workers this study has shown that it is not possible to grade the severity of aortic stenosis solely on the echocardiographic appearance of the valve; furthermore it was found to be of limited use in the assessment of some cases of severe aortic regurgitation. 
